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INDEX: VARIABLE DEFINITIONS 
The following variables were measured and evaluated for this research. The definition for each 
variable is provided. Each variable described here was used in chapters two and three, unless 
otherwise noted. 
Demographic Characteristics 
The following variables were measured by self-report through survey questionnaires. 
Age and Gender: Participants self-reported age in years and gender as male or female. 
Education: Participants were asked to mark their highest level of educational attainment based 
on grade levels and college education. Education level was dichotomized to less than or equal to 
high school diploma/equivalency or some college and beyond.  
Employment:  Participants self-reported their current circumstances for employment. 
Participants were categorized as full-time employment, part-time employment, or 
retired/unemployed. 
Income Status: Participants were asked to report their annual household/family income either by 
$5,000 increments or $10,000 increments from zero dollars to $100,000 or above. This was 
dichotomized as earning a household income of >$40,000 or ≤$40,000.  
Marital Status: Participants self-reported being married, living with a partner, divorced, 
widowed, separated, or single. Marital status was dichotomized to married/cohabitating or not 
(widowed, divorced, separated, or never married/single) in chapter two and categorized as 
married/cohabitating, widowed/divorced, or single in chapter three.  
Race/Ethnicity: Race was self-reported as Black or African American, White, Multi-Racial, 
Asian, American Indian or Alaskan Native, and/or Native Hawaiian or Pacific Islander. Ethnicity 
was reported as Hispanic or Latino or not Hispanic or Latino. Race/ethnicity was treated as two 
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groups (non-Hispanic/Latino Caucasians vs. African Americans/Hispanics/Latinos/multi-racial), 
which is consistent with previous research practices (Williams, Bartoshuk, Fillingim, & Dotson, 
2016). 
Health History and Diet Characteristics 
The following variables were measured by self-report through survey questionnaires to assess the 
presence of risk factors that relate to food liking and smoking-related dietary behaviors. Each 
variable described here was used in chapters two and three, unless otherwise noted.  
Body Mass Index (BMI): This variable was calculated based on participant’s self-reported 
height and weight. The equation was calculated as: (weight (kg)/height (meters)2). With the use 
of this calculation, body mass index (BMI) was classified with the Centers for Disease Control 
and Prevention, 2015 (CDC) definitions (Centers for Disease Control and Prevention, ;, 2015): 
• Underweight: BMI of <18.5. 
• Normal weight: BMI of 18.5-24.9. 
• Overweight: BMI of 25-29.9. 
• Obese: BMI of ≥30.  
Smoking-Associated Dietary Behaviors: Participants self-reported tendencies to use cigarette 
smoking for appetite and weight control, which was calculated from five items that produced the 
weight subscale from the 68-item Wisconsin Inventory of Smoking Dependence Motives 
(WISDM) (Smith et al., 2010). Possible points ranged from 5-35 and each question was based on 
a seven-point Likert scale (1 = “not true of me at all” to 7 = “extremely true of me”). This 
variable was examined only in chapter two. 
Unhealthy (Fat/Carbohydrate) Food Liking: Participants reported liking for food, beverage, 
and non-food items on a validated liking survey (Pallister et al., 2015; Zoghbi, 2017). The liking 
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scores for individual foods/beverage items that have been found previously to contribute most 
significantly to greater adiposity (U.S. Department of Health and Human Services & U.S. 
Department of Agriculture, 2015) were averaged into one conceptual group. For chapter two, this 
group consisted of high saturated fat foods/beverages, sweets and sugary beverages, refined 
carbohydrates, and high fiber carbohydrates. For chapter three, this group consisted of high 
saturated fat foods/beverages, sweets and sugary beverages, refined carbohydrates, fruits, and 
healthy fats. 
Cigarette Use 
The following variables were measured by self-report and/or objective measures to assess current 
cigarette smoking use. Each variable described here was used in chapters two and three, unless 
otherwise noted. 
Chronic smoker: This was defined as smoking at least ten cigarettes a day.  
Cigarette Smoker: A smoker was classified as ever smoking 100 cigarettes in their lifetime.  
Menthol Status: Smokers were classified by menthol status. Responses to brand of cigarette 
used classified participants as menthol or non-menthol smokers. 
Preferred Electronic Cigarette Flavor: Cigarette smokers trialed five electronic cigarette 
flavors (tobacco, menthol, cherry, chocolate, flavorless) and ranked in descending order the most 
preferred flavor to the least preferred flavor.  
Serum Cotinine Level: Blood serum cotinine level was measured through a blood draw. 




The following variables were measured through survey questionnaires and measures of 
chemosensory function. Each variable described here was used in chapters two and three, unless 
otherwise noted. 
general Labeled Magnitude Scale (gLMS): All included sensory intensity ratings were made 
on the gLMS scale, which ranges from 0=no sensation to 100=strongest sensation of any kind, 
with intermediate labels of 6=barely detectable, 17=moderate, 35=strong, and 53=very strong. 
This scale generalized ratings to all sensations and has shown consistency with magnitude 
matching (Bartoshuk et al., 2004). This scale is considered the gold standard for measuring 
perceived intensity.  
Measured Olfactory Function: A sixteen-item odor identification and intensity rating task was 
used to measure olfactory function via an olfactometer. This was only examined in chapter two. 
Participants were classified as:  
• Anosmic/severe hyposmic: 0-7 odors identified correctly. 
• Hypsomic: 8-12 identified correctly. 
• Normosmic: 13-16 correctly identified.  
Measured Taste Function:  Taste function was measured using the National Health and 
Examination Survey (NHANES) protocol (C. D. C. Centers for Disease Control and Prevention, 
2013). Participants sampled concentrated quinine hydrochloride (QHCl – 1 mM) as well as 
concentrated sodium chloride (NaCl - 1M and .32 M), which were drawn across the tongue tip 
and then sampled with the whole mouth. Tap water was also drawn across the tongue for a 
sensory perception comparison standard. Participants also reported intensities of concentrated 
propylthiouracil (PROP - 1 and 3.2 mM), sampled with the whole mouth. This was examined 
only in chapter two, with only NaCl and PROP responses were considered in the analyses.  
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Taster Status:  Subsequent to completion of the measured taste function tasks, participants were 
classified as nontasters, medium tasters, or supertasters based on responses to the perceptions of 
1 mM and 3.2 mM concentrations of PROP and 0.32 NaCl. Taster status was specifically defined 
according to the following: 
• Nontasters: Reported 3.2 mM PROP≤20, 1 mM PROP <17, and/or the ratio of 1 mM 
PROP to 0.32 NaCl <0.4.  
• Medium tasters: Reported the 3.2 mM PROP as between 20 and 55 and otherwise did 
not meet all criteria to be classified as supertasters.  
• Supertasters: Reported 3.2 mM PROP ≥55, 1 mM PROP >35, a ratio of 1 mM PROP to 
0.32 NaCl at ≥1, and reported an increase in perceived intensity from 1 mM to 3.2 mM 
PROP (Duffy et al., 2018). 
 
 





This thesis includes four chapters. Chapter one introduces the research and outlines the 
purposes, specific aims, hypotheses, and significance. Chapter two and three report on studies of 
how food liking and adiposity may be influenced by e-cigarette flavors in adult chronic cigarette 
smokers exposed to e-cigarettes and how e-cigarettes may influence changes in food liking 
during cigarette cessation. Specifically, chapter two reports on modeled associations between 
chemosensory function, smoking-related dietary behaviors, liking for sweet electronic cigarette 
e-juice flavors, and adiposity in chronic smokers at baseline. Chapter three reports the influences 
of e-juice flavors and nicotine content on changes in food liking during short-term cigarette 
abstinence from an NIH-funded Electronic Cigarette Study being conducted at University of 
Connecticut Health. Chapter four serves as an overall conclusion and suggests directions for 
future research related to e-cigarettes and appetite/weight control.  
1.2 Background 
Nicotine is the main addictive agent in tobacco products. Nicotine has been shown to 
promote appetite suppression (Mineur et al., 2011) and increase metabolism through reducing the 
efficiency of caloric absorption and storage (Audrain-McGovern & Benowitz, 2011). These 
effects may explain why smokers tend to weigh less than nonsmokers (Ginawi, 2016; Jitnarin et 
al., 2014). However, these physiological effects of nicotine appear to be short-term (Chiolero, 
Faeh, Paccaud, & Cornuz, 2008). Chronic smokers, on the other hand, have been found to have 
greater prevalence of overweight and obesity, which may be linked to findings of poorer dietary 
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intake in this population (Alkerwi et al., 2017; Chiolero, Wietlisbach, Ruffieux, Paccaud, & 
Cornuz, 2006; Dare, Mackay, & Pell, 2015; Lohse, Rohrmann, Bopp, & Faeh, 2016; Mackay, 
Gray, & Pell, 2013). Chronic smokers have been found to consume more energy-dense diets that 
are richer in added sugars, refined carbohydrates, and saturated fats in comparison to 
nonsmokers (Alkerwi et al., 2017). These dietary sources are considered highly palatable and 
promote further weight gain with excessive intake of these sources (Ramallal et al., 2017). This 
relationship may also be aggravated by nicotine exposure. In smokers, highly palatable foods and 
nicotine share reward pathways in the brain (Criscitelli & Avena, 2016). Previous studies have 
shown that smoking and nicotine use instigate the release of hormones related to stress, 
including corticotrophin-releasing factor and glucocorticoids (Rohleder & Kirschbaum, 2006), 
both of which are associated with increased palatable food consumption  (Dallman et al., 2004; 
George, Khan, Briggs, & Abelson, 2010).  
Taste and smell functions, both of which play a role in diet behaviors and risk for 
overweight/obesity (Boesveldt & de Graaf, 2017), may be altered by chronic cigarette smoking 
(Ajmani, Suh, Wroblewski, & Pinto, 2017; Duffy et al., 2018; Pepino & Mennella, 2014). For 
taste function, a particular interest in the ability to taste the bitterness of propylthiouracil 
(PROP), a marker of genetic variation in taste, has been examined previously in smokers. It has 
been found that heightened PROP bitterness perception has been linked to a greater ability to 
perceive oral sensations and tastes from fat, which can be partially explained by findings of a 
higher concentration of fungiform papillae found on the tongue among PROP tasters (Bartoshuk, 
Duffy, Hayes, Moskowitz, & Snyder, 2006). Furthermore, greater ability to taste PROP has been 
linked to lower liking for fats/sweets (Duffy, 2004; Hayes & Duffy, 2008; Tepper & Nurse, 
1998), but this pattern of findings has not been consistent (Duffy, 2004; Hayes & Duffy, 2008; 
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Stevenson et al., 2016; Tepper & Nurse, 1998). Greater PROP perception has also been linked to 
greater perceptions of other tastes, including saltiness (Hayes, Sullivan, & Duffy, 2010), which 
may also influence dietary preferences for highly palatable foods. For smell function, the 
literature on the association between smell function and dietary preferences is less clear. While 
some studies reported differences in food preferences with smell impairment (Aschenbrenner et 
al., 2008), others found no such association on food preference (Manesse, 2017) nor food choices 
(Schubert et al., 2012). 
Though individuals may begin cigarette smoking for a variety of reasons, smoking for 
weight control has been found to be a common reason for smoking initiation (Rupprecht, Donny, 
& Sved, 2015). Weight control has also been reported as a reason to not attempt cessation despite 
having an interest in quitting smoking, especially in the case of obese smokers (Bush, Hsu, 
Levine, Magnusson, & Miles, 2014). Smoking cessation is also associated with weight gain 
(Bush, Lovejoy, Deprey, & Carpenter, 2016; Harris, Zopey, & Friedman, 2016), especially in 
chronic smokers (Veldheer, Yingst, Zhu, & Foulds, 2015). Smoking cessation has also. been 
linked to increased energy intake (Yannakoulia et al., 2018), predominantly through the intake 
of fatty foods (Chao, White, Grilo, & Sinha, 2017) and sweets (Perkins, Epstein, Sexton, & 
Pastor, 1990). As a result, chronic smokers may be particularly resistant to abstain from 
cigarette smoking.  
There has been an interest in alternative nicotine modalities, including electronic 
cigarettes (also termed e-cigarettes), as a potential substitute for tobacco cigarettes that may aid 
in cigarette cessation and weight/appetite control. E-cigarettes are alternative nicotine delivery 
systems, providing nicotine through the vaporization of e-juices that contain a fluid vehicle 
(propylene glycol or vegetable glycerin), infused with flavorings and, usually, nicotine at various 
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concentrations. E-cigarettes have become a popular modality, with global sales of more than $3.5 
billion USD as of 2015 (Kennedy, Awopegba, De Leon, & Cohen, 2017) and their popularity 
continues to increase (Wood, 2015). E-cigarettes are currently being investigated as a potential 
tool to aid in smoking cessation, though literature supporting the effectiveness of e-cigarettes as 
a cessation tool is currently inconsistent (Weaver et al., 2018; Zhuang, Cummins, Sun, & Zhu, 
2016). These devices are also perceived as a safer modality than combustible cigarettes and may 
be used to help with weight/appetite control (Morean & Wedel, 2017; Soule, Lopez, Guy, & 
Cobb, 2016). Individuals have reported liking the ability to vape flavors that mimic sweets 
without the consumption of calories (Soule et al., 2016). However, the influence of e-cigarettes 
on food liking has never been examined. It is, therefore, of interest to investigate the influence of 
e-cigarette vaping on relationships between food liking, dietary behaviors, and adiposity as well 
as how e-cigarettes may influence changes in food liking when used as a substitute for 
combustible cigarettes.  
Of specific interest is how flavor preferences of e-juices may influence the association 
between food liking and adiposity in chronic smokers as well as how this factor coupled with 
nicotine content of the e-juice may influence changes in food liking during short-term cigarette 
abstinence in chronic smokers. The addition of flavoring to e-juices has been found to increase 
the reward value of e-juices that contain nicotine (Audrain-McGovern, Strasser, & Wileyto, 
2016), which parallels how sweets and fats elevate the reward value of food (DiFeliceantonio 
et al., 2018). Yet the effects of different e-juice flavors on food liking are largely unexplored. It 
is, therefore, of interest to examine the influence of e-cigarette e-juice flavor preference on the 
relationship between chemosensation, liking for. unhealthy food, dietary behaviors, and adiposity 
in chronic smokers. We would also like to examine how nicotine and flavor variations in e-juices 
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may influence food liking during cigarette smoking abstinence. The results may have 
implications for the use of e-cigarettes as a tool for appetite control during smoking cessation. 
1.3 Purpose 
The purpose of this research is to utilize a clinical sample of community-based male and 
female chronic cigarette smokers to improve the understanding how food liking and smoking-
associated dietary behaviors may influence body mass index (BMI) in chronic smokers. We will 
also use this clinical sample to investigate how electronic cigarette e-juice flavors may influence 
the association between liking for unhealthy foods and BMI in chronic smokers at baseline. An 
additional purpose of this research is to explore the influences of e-juice flavor and nicotine 
varieties on changes in food liking during short-term cigarette abstinence in chronic smokers 
who vape e-cigarettes in place of cigarette smoking. First, we will model associations to 
simultaneously test the interrelationships between measured taste and smell function, fat and 
refined/sweet carbohydrate liking, smoking-related dietary behaviors, liking for e-juice flavors, 
and the influences of these on body mass index in chronic smokers. Second, we will assess the 
influences of different e-juice flavors (tobacco flavor vs. non-tobacco flavor) and nicotine 
content (high nicotine vs. no nicotine) on changes in food liking after short-term cigarette 
smoking abstinence in chronic smokers who vape e-cigarettes in place of smoking combustible 
cigarettes during a short-term trial of smoking abstinence.  
1.4 Specific Aims 
1) To use a community-based clinical sample of chronic cigarette smokers to describe 
associations between chemosensation, food liking, smoking-related dietary behaviors, 
and adiposity. 
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2) To explore differences in liking for electronic cigarette e-juice flavors, and determine 
whether these flavors may influence the association between food liking and adiposity in 
chronic smokers exposed to e-cigarettes. 
3) To explore whether changes in food liking during short-term cigarette smoking 
abstinence are influenced by different flavors and nicotine concentrations of e-juices in 
chronic smokers who are substituting combustible cigarettes with e-cigarettes. 
1.5 Hypotheses 
1) Measured taste and olfactory function will influence fat and refined/sweet carbohydrate 
liking in chronic smokers. 
2) Greater fat and refined/sweet carbohydrate liking will be associated with greater 
tendencies to use smoking for appetite/weight control (greater smoking-related dietary 
behaviors) in chronic smokers. 
3) Body mass index in chronic smokers will be influenced by fat and refined/sweet 
carbohydrate liking, smoking-related dietary behaviors, and level of liking for sweet e-
juice flavors in chronic smokers exposed to e-cigarettes. 
4) Greater liking for sweet e-juice flavors will show an inverse association with measured 
smell function in chronic smokers exposed to e-cigarettes. 
5) Changes in food liking will be influenced by differences in flavor and nicotine content of 
e-juices during cigarette abstinence in chronic smokers. 
6) In chronic smokers who substitute e-cigarettes vaping in place of cigarette smoking 
during short-term abstinence, those who vape nicotine-free e-juice will report the largest 
increase in liking for fats and sweet/refined carbohydrates, independent of e-juice flavor. 
1.6 Significance 
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The effects of cigarette smoking, poor diet quality, and adiposity have significant impacts on 
health, national health care spending, and quality of life. Chronic smokers have greater adiposity 
than nonsmokers. Although prior literature has found evidence of poorer dietary quality among 
smokers, especially chronic smokers, it is not known how vaping of e-cigarettes may affect 
appetite and food liking. This accentuates the importance of novel exploration of these factors in 
chronic smokers who are exposed to e-cigarettes. Furthermore, e-cigarettes are currently being 
explored as a potentially safer nicotine modality to substitute for combustible cigarettes during 
post-cigarette cessation efforts as well as for appetite/weight control during cigarette cessation, 
which may help to curb weight gain that often occurs during cigarette cessation. The significance 
of the research is first to provide insight into baseline associations with liking and behavior 
variables that may associate with body mass index in chronic smokers. Secondly, these findings 
may provide insight into the potential benefits of substituting e-cigarette vaping in place of 
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This table shows the characteristics and demographic descriptors of chronic smokers as 
previously described (Duffy et al., 2018). 
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CHAPTER THREE: 
E-cigarette Flavors and Nicotine Level Influence Changes in Liking of Unhealthy 
Foods During Cigarette Abstinence in Chronic Smokers 
 
3.1 Abstract 
Smoking cessation is linked to weight gain through increased intake of fats/sweets/refined 
carbohydrates. It is unclear how replacing e-cigarettes for tobacco cigarettes influences food 
liking during smoking cessation. We explored how nicotine content and e-cigarette flavors may 
influence fat/carbohydrate liking during short-term smoking abstinence in chronic smokers. 
Chronic smokers (n=92; 38±1years, 46 females) refrained from cigarette smoking, and instead 
vaped e-cigarettes in one of four randomized conditions based on a 2x2 design [e-cigarette flavor 
(preferred or tobacco) and nicotine (0 mg/ml or 18 mg/ml)]. Smokers survey-reported 
food/beverage/non-food liking on a validated survey at baseline and 7-weeks, forming 
statistically-reliable fat/carbohydrate food/beverage/inedible items groups. Food liking changes 
were tested in t-tests and ANCOVA, controlling for age, sex, body mass index, and changes in 
liking for non-foods (comparison standard) as a function of flavors and nicotine level. Vapers of 
tobacco-flavored e-juice reported significantly less fat/carbohydrate liking at 7-weeks than those 
who vaped other flavors, independent of nicotine content. The high nicotine X tobacco condition 
reported the biggest decrease in unhealthy food liking while the no nicotine X preferred 
condition reported the smallest decrease. E-juice flavors, not nicotine content, influenced 
changes in fat/carbohydrate liking in chronic smokers during cigarette abstinence, suggesting 
that vaping with tobacco flavor may assist in weight control in smoking cessation. 
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3.2 Introduction 
Cigarette smoking has been estimated to cause smoking-related disease(s) in more than 
16 million individuals throughout the U.S. as well as 480,000 deaths annually (U.S. Department 
of Health and Human Services, 2014). The nationwide rate of current smokers in 2017 (14%; 
34.3 million) remains concerningly high (Wang et al., 2018). Of particular concern are chronic 
smokers, who face the greatest risks for increased morbidity (U.S. Department of Health and 
Human Services, 2014) and mortality (Thun et al., 2013). Elevated morbidity and mortality 
risks can be partially attributed to findings of greater overweight (Mackay, Gray, & Pell, 2013) 
and obesity (Dare, Mackay, & Pell, 2015; Larsen, Litt, Huedo-Medina, & Duffy, 2019) among 
chronic smokers in comparison to nonsmokers and lighter smokers. Overweight and obesity 
have been consistently shown to increase disease susceptibility and all-cause mortality 
(Abdelaal, le Roux, & Docherty, 2017).  
Less healthy intake patterns in chronic smokers (Alkerwi et al., 2017; Lohse, 
Rohrmann, Bopp, & Faeh, 2016) may in part explain greater morbidity, mortality, overweight 
and obesity found in these smokers (Ramallal et al., 2017). Refined carbohydrates as well as 
foods/beverages rich with added sugars and saturated fats are absorbed into the bloodstream at a 
more rapid pace post-ingestion compared to other dietary sources, which may consequently 
encourage addictive-like consumption patterns these foods (Schulte, Avena, & Gearhardt, 2015) 
and promote further adiposity (Ramallal et al., 2017). In addition, findings of increased nicotine 
dependence (addiction to nicotine) in heavy smokers (Dierker et al., 2007; Scheuermann et al., 
2015) also explain greater mortality and morbidity risks in chronic smokers. Nicotine is an 
alkaloid stimulant in tobacco products and is the predominant addictive agent in tobacco 
(Benowitz, 2010). Nicotine addiction has been shown to influence the reward response to fatty 
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foods, refined carbohydrates, and sweets (Criscitelli & Avena, 2016), specifically via 
desensitization of natural reward responses to these palatable foods (Machulska, Zlomuzica, 
Adolph, Rinck, & Margraf, 2015; Rubinstein, Luks, Dryden, Rait, & Simpson, 2011). Because 
nicotine and palatable foods share similar dopamine reward pathways in the brain (Kenny, 
2011), both have also been found to arrogate the pathways that modulate reward subsequent to 
consumption, thereby contributing to the development of addiction (Criscitelli & Avena, 2016). 
Despite the appetite suppressant effect of nicotine (Mineur et al., 2011), however, both smoking 
and nicotine exposure induce the release of various stress-related hormones, including 
corticotrophin-releasing factor and glucocorticoids (Rohleder & Kirschbaum, 2006). Such 
changes in these stress hormones have been linked to elevated intake of highly palatable foods 
(Dallman et al., 2004; George et al., 2010).  
Smoking-associated risks can be reduced through cigarette abstinence (Hoogenveen, 
van Baal, Boshuizen, & Feenstra, 2008). Smoking abstinence, however, has also been linked to 
weight gain (Bush, Lovejoy, Deprey, & Carpenter, 2016; Harris, Zopey, & Friedman, 2016), 
especially in chronic smokers (Veldheer, Yingst, Zhu, & Foulds, 2015). A study that examined 
2003-2012 U.S. National Health and Nutrition Examination Survey (NHANES) data found that 
heavy smokers with obesity gained the greatest amount of weight ten years after cigarette 
abstinence (Veldheer et al., 2015). Cigarette abstinence has furthermore been linked to 
increased energy intake (Yannakoulia et al., 2018), largely through greater fat (Chao et al., 
2017) and sweet (Perkins, Epstein, Sexton, & Pastor, 1990) consumption. During cigarette 
abstinence, the anorectic effect of nicotine may dissolve subsequent to nicotine deprivation, 
consequently increasing hunger in smokers (Perkins, Epstein, Fonte, Mitchell, & Grobe, 1995; 
Perkins et al., 1991). However, because the anorectic effect of nicotine has been suggested to be 
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a short-term effect (Chiolero et al., 2008), this may not elucidate reasons for increased energy 
intake and greater weight gain during cigarette cessation in chronic smokers. Therefore, it is 
more likely that the deprivation of nicotine results in the deficiency of reward states, which 
consequently may increase the appeal of accessible rewards (including palatable foods). This 
theory has been termed the incentive-sensitization theory (Robinson & Berridge, 2001). 
Less understood in the literature, however, is how cigarette abstinence may influence 
changes in food liking. For example, a small trial of female smokers, former smokers, and 
nonsmokers found, after undergoing testing conditions of both ad lib smoking and overnight 
abstinence, that smokers who preferred higher sucrose concentrations at baseline reported a 
significantly greater preference for sampled solutions of higher sucrose concentrations during 
the ab lib smoking session compared to the overnight abstinence session (Pomerleau, Garcia, 
Drewnowski, & Pomerleau, 1991). On the other hand, a small trial observed chronically reduced 
fat and sweet taste hedonics in long-term smokers (Perkins, Epstein, Stiller, et al., 1990). 
Considering that food liking has been linked to intake (Drewnowski & Hann, 1999), however, it 
is of interest to examine changes in food liking following cigarette abstinence. 
It is possible that changes in food liking post-smoking cessation may also be influenced 
by the use of electronic nicotine delivery systems during cigarette abstinence. In particular, e-
cigarettes have been reported to be safer than tobacco cigarettes (Polosa et al., 2017), which has 
consequently generated interest in these devices as a cessation tool (though studies are currently 
inconsistent about the effectiveness of e-cigarettes on cigarette smoking cessation (El Dib et al., 
2017; Weaver et al., 2018; Zhuang, Cummins, Sun, & Zhu, 2016)). E-cigarettes are used by 
inhaling vaporized fluids (termed e-liquids/e-juices), which are composed of vegetable glycerin- 
or propylene glycol protein(s), various nicotine concentrations (which can be manipulated), and 
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may also include artificial flavorings (with more than 7,000 different flavor options available). 
Flavorings added to e-juices have been found to increase the reinforcement values of e-
cigarettes with nicotine (Audrain-McGovern, Strasser, & Wileyto, 2016) similar to the way 
fats and sweets increase the reward value of food, independent of liking (DiFeliceantonio et al., 
2018). E-cigarettes have also been marketed (Singh, Kennedy, Lagasse, Czaplicki, & Cohen, 
2018) as well as perceived as a tool for weight control (Morean & Wedel, 2017; Soule, Lopez, 
Guy, & Cobb, 2016). Studies have just begun to examine the influences of e-cigarettes on 
cessation-accompanied weight gain, with one study reporting that e-cigarettes can help to curb 
post-cessation weight gain during cigarette abstinence (Russo et al., 2018). Currently, 
however, the literature assessing the effectiveness of e-cigarettes as a modality to help curb 
weight gain during smoking cessation remains scarce. 
There has been little research examining the relationship between differences in e-juice 
flavors and their influence on food liking. Our lab previously found that greater preference for 
sweet flavored e-juices partially mediated the relationship between greater liking for fats and 
carbohydrates and higher body mass index in chronic smokers (Larsen et al., 2019). There is 
otherwise no current literature discussing the influence of e-juice flavors on food preferences. 
Therefore, it is of interest to explore how different e-juice flavors, both with and without 
nicotine, may influence changes in food liking after short-term cigarette smoking abstinence. 
We aim to describe the influences of e-juice nicotine content and flavor type on food liking 
after six weeks of cigarette abstinence in chronic smokers. We hypothesized that differences by 
flavor and by nicotine content of the e-cigarettes vaped during cigarette abstinence would 
influence changes in food liking in chronic smokers. Specifically, we hypothesized that chronic 
smokers who vaped e-cigarettes that were nicotine-free and contained preferred flavored e-juices 
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would show the greatest increase for liking for fats and sweet/refined carbohydrates after a six-
week timeframe of cigarette abstinence compared to chronic smokers who vaped tobacco 
flavored and nicotine-containing e-juices. 
3.3 Methods 
3.3.1 Participants:  A purposive sampling strategy was adopted to direct recruitment of 
chronic smokers aged 18 -55 years from the greater Hartford, Connecticut community. Possible 
subjects responded to newspaper and radio advertisements during the timeframe of May 2014 to 
December 2016. Through use of telephone screening, potential participants were screened to 
ensure satisfaction of all initial exclusion and inclusion criteria. The criteria for exclusion at 
baseline were:  1) unstable medical or psychiatric disorders, including uncontrolled hypertension 
(blood pressure ≥160/100mm Hg); 2) pregnancy; 3) awareness of hypersensitivity to nicotine or 
propylene glycol; 4) medical history of myocardial infarction(s) or cerebrovascular accident(s); 
5) no intention to stop smoking (defined as a score < −2 on an Intentions to Quit scale (Strasser 
et al., 2009)); 6) no prior experience with e-cigarettes. The criteria for inclusion were:  1) current 
smoker; 2) consumption of ≥10 cigarettes per day.  
The study was approved by the Institutional Review Board (IRB) at the University of 
Connecticut Health Center. Participants at baseline (n=135) provided informed and written 
consent and were compensated $20 upon completion of baseline assessments. Of note, three 
participants were disqualified for participation in intervention after the baseline visit for failure 
to satisfy all exclusion/inclusion criteria (n=2) or a decline in medical status throughout the 
duration of the study (n=1), resulting in n=132 of these subjects invited to participate in the 
intervention. However, this study experienced an attrition rate of 30% at the follow-up visit, 
which is on the lower end of attrition rates for smoking cessation trials (Curtin, Brown, & Sales, 
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2000). Furthermore, any participant that failed to complete the liking survey (n=1) was not 
considered in analyses for this study. Consequently, the data described in this study were 
obtained from 92 participants (46 males) who completed the 7-week visit.  
3.3.2 Baseline Study Procedures and Measures:  The baseline procedure has been 
described previously (Larsen et al., 2019). The following discusses the methodological 
deviations in the present study that were not discussed in the aforementioned study. 
       Smoking History Questionnaire:  As part of the baseline screening process, participants 
completed the Smoking History Questionnaire (SHQ) (Brown, Lejuez, Kahler, & Strong, 2002), 
a self-report questionnaire which is used to gather information about as well as assess smoking 
history and patterns of smoking. Included on the SHQ are questions pertaining to smoking 
products, brands preferred/smoked, and smoking frequency. Using responses provided about 
cigarette brands preferred/smoked, participants were classified as either non-menthol or menthol 
smokers. In the case that two cigarette brands of inconsistent flavor classifications were listed, 
the flavor of the first brand listed was selected in order to classify the participant as either non-
menthol or menthol smoker. If more than two inconsistent flavored cigarette brands were listed, 
the participant was classified by flavor type of most of the brands listed or by the first brand 
listed if the flavored brands were equally inconsistent. It should be noted, however, that 
participants who listed two or more brands of inconsistent flavor types had a higher likelihood of 
being classified as a menthol smoker, as menthol smokers are more likely to fluctuate or switch 
between cigarette types compared to non-menthol smokers (Kasza et al., 2014). 
Liking Survey:  At both the baseline and 7-week visits, the extent of liking or disliking for 
40 foods and beverages and 11 inedible items (pleasurable/unpleasurable items, physical 
activities, and smoking products) was marked by participants and measured via a size-matched 
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gLMS (general labeled magnitude scale) ruler on a 51-item validated liking survey (Pallister et 
al., 2015; Zoghbi, 2017). The liking survey included a bidirectional, 100-point horizontal scale 
labeled with five faces (with frowning symbolizing the greatest extent of disliking and smiling 
symbolizing the greatest extent of liking) and verbal descriptors, which ranged from “neither like 
nor dislike” (0) to “strongest disliking/liking of any kind” (±100), with pictured and word-
described survey items. Prior to beginning the survey, the participants were first oriented to the 
scale (verbally and in print) with examples that represented the intensity of disliking (Larsen et 
al., 2019).  
Liking for Foods/Beverages/Non-food Items:  The liking survey used to measure 
liking/disliking for foods, beverage, and non-food items has been described previously (Larsen et 
al., 2019). The same liking survey was repeated by participants at the 7-week visit. Nine 
conceptual food/beverage groups (high fiber foods, sweets and sugary beverages, bitter and spicy 
foods/beverages, healthy fats, fruits, high saturated fat foods, refined carbohydrates, alcohol, 
vegetables) were developed by averaging the liking of individual items that most appropriately 
belonged to one of the aforementioned groups, with Cronbach’s alpha measured for each group 
to ensure reliability. Conceptualized food groups with accompanying individual food/beverage 
items as well as pre-test and post-test Cronbach’s alpha scores for each group are listed in table 
2. A conceptualized non-food group consisting of items generally considered pleasant (cooling 
off on a hot day, watching television, hearing your favorite music) was also averaged with pre-
test (α=0.36) and post-test (α=0.4) Cronbach’s alpha scores measured. The pleasant non-food 
group was included in the analyses as a covariate for a comparison standard, as it was expected 
that liking for non-foods would remain similar from the baseline to the 7-week visits.  
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Liking for Fats/Carbohydrates:  To best assess differences on fats/carbohydrates overall, the 
inclusion of liking scores of 24 individual foods/beverage items, focusing predominantly on 
foods/beverages that most contribute to excessive adiposity (U.S. Department of Health and 
Human Services & U.S. Department of Agriculture, 2015), were averaged together to comprise a 
reliable fat/carbohydrate liking index at both pre-test (Cronbach’s ⍺=0.87) and post-test 
(Cronbach’s ⍺=0.86): Sweets and sugary beverages (doughnuts, cookies/cake/pie, chocolate, 
soda/sweet drinks, sports drinks); high fat foods (breakfast sausage/bacon, butter/margarine, beef 
steak, fried chicken, whole milk, ham/pork, mayonnaise); refined carbohydrates (tortilla or 
potato chips, french fries, pizza, bagel/rolls, salty pretzels, spaghetti/pasta); healthy fats (fish, 
eggs, nuts); and fruits (strawberries, cherries, pineapple). This group was then used in the 
analysis. It should be noted that while healthy fats and fruits are healthier dietary sources (U.S. 
Department of Health and Human Services & U.S. Department of Agriculture, 2015), these fat 
and carbohydrate items were included because, similarly to high saturated fat sources, 
calorically-dense healthy fat sources also contribute to greater adiposity with excessive intake 
while most of the particular fruits included in the conceptual group (cherries, pineapple) contain 
notably high sugar levels (J. Lee, 2015). Furthermore, sweets and sugary beverages commonly 
include artificial flavors that frequently mimic fruity flavors. 
Vaping of E-juice Flavors: The electronic cigarettes (Joyetech eGo-C, Shenzhen Joyetech 
Co., Ltd., Shajing Town, Baoan District, ShenZhen, China) were sampled at baseline only. The 
e-cigarettes were filled with e-juices (Americanliquidscore.com) which contained a base (50% 
vegetable glycerin-50% propylene glycol), varying nicotine levels (0 or 18mg/mL), and some e-
juices contained a chemical flavoring (tobacco, chocolate, cherry, or menthol). Participants 
rinsed the mouth with bottled water prior to sampling each flavor, then blindly vaped each e-
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juice for one minute, presented in randomized order. Participants first sampled all flavors 
without stimulus (containing no nicotine), then repeated the sampling procedure with the same e-
juice flavors that contained stimulus (nicotine) after a periodic pause between the two vaping 
sessions. Subsequent to vaping each flavor, subjects rated each flavor-nicotine combination for 
intensities of sweetness, bitterness/sourness, irritation, and level of liking/disliking on the gLMS 
(Bartoshuk et al., 2004). Participants were then asked to rank order all sampled flavors by 
descending order of preference in each stimulus condition.  
3.3.3 7-Week Study Procedures and Measures:  At the 7-week follow-up visit, 92 of the 135 
chronic smokers were recruited back for a second visit (46 women). Smokers again provided 
informed and written consent prior to starting the study. This was a two-phase study, with a 
laboratory study conducted in Phase I (baseline) and a field study conducted in Phase II (7 
week). The purpose of the latter phase was to determine the smokers’ behavioural responses to 
differing flavorings and levels of nicotine in e-cigarettes. Based upon the most preferred flavors 
reported in Phase I, Phase II was conducted as a 2 (nicotine level: high (18mg/ml) vs none 
(0mg/ml))×2 (flavours: tobacco vs preferred) condition assignment (4 total groups). In the case 
of preferred flavors, participants were randomized by their most preferred flavor according to 
reported rankings obtained at baseline.  If a participant assigned to a preferred flavor condition 
reported tobacco as their favorite flavor, then the second most preferred non-tobacco flavor was 
selected as their conditioned flavor. All smokers were randomized into nicotine and flavour 
combination conditions. Participants were instructed to monitor their cigarette smoking per day 
for 1 week and subsequently substitute e-cigarettes in place of their regular cigarettes according 
to their assigned conditions for a period of 6 weeks. Participants were also instructed to record 
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their usage throughout the 6 week duration of both e-cigarette usage and vaping rates as well as 
any cigarette smoking that may have occurred (Litt et al., 2016).  
During the 7-week visit (Phase II), participants recorded a detailed log of cigarettes/day 
and e-cigarette episodes/day with the use of a timeline follow-back method (TLFB) (Sobell, 
Sobell, Leo, & Cancilla, 1988). An e-cigarette episode was considered to be approximately 15 
puffs or approximately 10 minutes (Foulds et al., 2015). A timeline follow-back method (TLFB) 
assess daily smoking (or e-cigarette use) for the 90 days prior to intake, as a baseline measure, 
for the 1 week of regular smoking as well as during the 6 weeks of e-cigarette monitoring. These 
instruments have sufficient test–retest reliability and validity for verifiable events (Tonigan, 
Miller, & Brown, 1997). Breath carbon monoxide (CO) readings were also obtained each week 
to confirm smoking rates (Litt et al., 2016). Upon returning to the same clinical setting for the 7-
week follow up visit, participants were reoriented to the gLMS and subsequently self-reported 
liking for foods/beverages using the same liking survey as was used during the baseline visit. 
3.3.4 Statistical Analysis:  Statistical analyses were conducted using Statistical Package 
for the Social Sciences (SPSS) version 25.0 (IBM, Armonk, New York). The statistical 
significance criterion was set at p ≤ 0.05. Chi-square analyses were conducted to make sure that 
the different flavor and nicotine conditions studied here were equivalent on participant 
characteristics. For categorized descriptors that characterized fewer than 5 participants in any 
group, the Fisher’s exact test was instead reported. Continuous variables (BMI, age, mean 
weekly breath carbon monoxide (CO) over the 7-week period) were assessed via one-way 
analysis of variance (ANOVA) tests, as summarized in table 1.  
In order to satisfy assumptions of normal distribution in continuous variables tested via t-
tests and ANOVA’s, continuous variables were first assessed for central tendency based on the 
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Shapiro-Wilk test of normality, which was chosen due to the smaller sample size in our study, 
with variables subsequently transformed as needed. Continuous variables that contained up to 
two outliers by group underwent winsorization (replacing outlier values with either the largest or 
second smallest value in observations, excluding the outliers) in order to avoid discarding any 
data points (Kwak & Kim, 2017). Additionally, Levene’s test was used to assess variance 
homogeneity between groups in these variables. Comparisons of nine conceptualized food 
groups by assigned condition were analyzed with the use of raw change scores by group via an 
ANCOVA with the F statistic reported, controlling for age, sex, and BMI, and the change score 
of the liking for non-food items as a comparison standard.  
The assumptions of ANCOVA were met including assuring that the covariates did not 
show strong correlation, evaluation of the normality and/or outliers at each level of the 
independent variable (initial visit, 7-week visit), visual inspection of the linearity between the 
covariates and the dependent variable for each level of the independent variable, and the 
Levene’s test for the equality of variances across the levels of the independent variable. If the 
Levene’s test failed to support equality of variances, the Brown–Forsythe test was instead 
reported with Games-Howell post-hoc testing. Change scores for each conceptual 
food/beverage/non-food group were calculated by subtracting averaged liking scores at baseline 
from the averaged liking scores of the same conceptual group at the 7-week visit as reported on 
the liking surveys (post-test liking scores - pre-test liking scores). Mean changes in food liking of 
each conceptual group both by assigned condition and by the overall sample are summarized in 
table 2. Differences by changes in food liking were also separately tested by dichotomized, 
independent conditions (nicotine vs. no nicotine e-juice and tobacco flavored vs. preferred 
flavored e-juice) via independent sample t-tests in order to assess whether one condition had a 
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stronger influence on consequent changes in food/beverage liking. Finally, differences in the 
overall fat/carbohydrate unhealthy food group change score was assessed first by dichotomized, 
independent nicotine and flavor conditions via independent sample t-tests and then by overall 
assigned condition via a factorial analysis of covariance (ANCOVA), which was also controlled 
for age, sex, BMI, and the change score of the liking for non-food with the F-value reported (see 
figure 2). 
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3.4 Results 
Table 1. Chronic Smoker Characteristics by Assigned Conditions 
 
† p≤0.1; * p≤0.05; ** p≤0.01; *** p<0.005 
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Descriptors of the sample of chronic adult smokers in the four randomized treatment 
groups are shown in table 1. There were no significant differences between groups by 
demographics or participant descriptors, except by BMI category. Those assigned to the high 
nicotine, preferred flavor group had significantly greater occurrences of underweight and normal 
weight (47.8%) while those assigned to the no nicotine, preferred flavor group had significantly 
greater proportion of participants who were overweight/obese (91.6%, p=.038). Because BMI 
has been shown to influence food liking (Berthoud & Zheng, 2012) coupled with significant 
group differences by BMI observed in our sample, we included BMI category as a covariate in 
the overall analyses. 
Independent, dichotomized nicotine and flavor conditions were also assessed by 
demographics and participant descriptors (i.e., BMI category). By nicotine condition, BMI 
category varied significantly by assigned condition (χ2(2)=6.123, p=0.048), with those assigned 
to the no nicotine condition showing a significantly greater overweight (81.6% vs. 62.8%, 
respectively) and significantly less underweight/normal weight (18.4% vs. 37.2%, respectively) 
compared to the high nicotine condition. No other descriptors varied significantly by nicotine 
condition. By flavor condition, smoker classification (menthol vs. non-menthol smokers) varied 
significantly (χ2(1)=5.6, p=.021), with the tobacco flavor condition group being significantly 
more likely to be a menthol smoker than the preferred flavor group (71.1% vs. 46.8%, 
respectively). It should be noted, however, that there were more menthol smokers in the overall 
sample of participants included in the 7-week visit (59% vs. 41%, respectively). No other 
descriptors varied significantly by assigned flavor conditions. 
 3.4.1 Liking for Foods/Beverages:  For exploratory purposes, we first examined 
individual conceptual food groups. Table 2 shows the differences in mean liking changes of 
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conceptual food groups by assigned treatment groups, with significant differences between 
groups noted only in the healthy fats group (p=.026) and fruits group (p=.043). The average 
Cronbach’s ⍺ scores of all groups was 0.68 at both initial visit and the 7-week visit. Interestingly, 
the high fiber food group was the only group to show a mean increase in liking at 7 weeks. 
Pairwise comparisons showed significant differences by groups, particularly the changes in 
liking between the high nicotine, tobacco group in comparison to the no nicotine, preferred 
flavor group. In the healthy fats group, the high nicotine, tobacco group reported a significantly 
greater decrease in liking in comparison to both preferred flavor groups, both of which, in 
contrast, showed mean increases in liking for healthy fats. The high nicotine, tobacco group also 
showed the greatest decrease in liking for fruits compared to the no nicotine, tobacco group as 
well as the high nicotine, preferred flavor group, the latter of which conversely showed a mean 
increase in liking.  
Pairwise comparison showed that the high nicotine, tobacco group reported the most 
significant decrease in liking for high fat foods compared to all other groups. Pairwise 
comparison also showed a significant decrease in liking for refined carbohydrates liking change 
between the high nicotine, tobacco group in comparison to the no nicotine, preferred group 
(p=0.049), though overall group differences did not reach statistical significance in this group. 
By flavor condition, the healthy fats group (t=2.8, p=.006) showed significant differences 
between groups. The tobacco flavor group reported a significantly larger decrease in liking for 
these foods while the preferred flavor group, in contrast, reported a mean increase in liking. No 
significant differences were shown for changes in liking of food groups by nicotine condition. 
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Table 2. Mean Changes in Food Group Liking by Assigned Condition 
 
Changes in food liking shown as mean change±standard deviation for each food group, listed 
by descending order of overall change by group.  † p≤0.1; * p≤0.05; ** p≤0.01; *** p<0.005 
 3.4.2 Liking for Non-food Items: Figure 1 shows the changes in liking for inedible, 
pleasant items by assigned condition. As predicted, the liking ratings of the non-food pleasant 
group did not show significant changes from baseline to week 7 in the overall ANOVA 
(F(3,88)=0.207, p>.05) or in the pairwise comparisons. Mean changes in non-food liking by 
group were: -3.85 ±13.88 (no nicotine X tobacco), -2.15±29.23 (high nicotine X tobacco), -
0.25±18.01 (no nicotine X preferred), and -4.31±19.51 (high nicotine X preferred). 
Consequently, this conceptualized group served as a sufficient covariant for a standard 
comparison of changes in food group liking. 
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Figure 1. Descriptive changes in non-food pleasant group as a comparison   
 
 
Slope graphs showing pre-test to post-test changes in liking for non-food items of each 
participant by specified condition. The bolded black line is the mean change from baseline to 
7-weeks in liking scores of all within group participants. 
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3.4.3 Liking for Food Groups by Preferred Flavors: For exploratory purposes, we 
examined differences in conceptual food group liking changes by specific non-tobacco, preferred 
flavor assignment (chocolate, flavorless, cherry, menthol). ANCOVA tests, controlling for age, 
sex, BMI, and changes in liking of non-food items, were conducted to assess differences between 
preferred assigned flavors of chocolate (n=7), flavorless (n=7), cherry (n=22), and menthol 
(n=11) assignments compared to the tobacco condition by each conceptual food group. 
Significant differences between flavor condition were noted among the healthy fats group 
[F(4,83)=2.5, p=0.049].  
By pairwise comparisons, differences were noted among changes in liking for healthy 
fats, the tobacco condition reported a significantly greater decrease in liking (-9.48±20.99) 
compared to the flavorless (5.62±22.04, p=0.034) and cherry groups (4.02±16.67, p=0.022) and 
also tended to decrease compared to the menthol group, though this did not reach statistical 
significance (p=0.06). Significant differences were also noted in liking changes of sweets and 
sugary beverages, with the menthol flavor significantly more likely to report an increase in liking 
(12.25±30.66) compared to cherry (-3.76±18.97, p=0.047) and tobacco (-4.68±27.55, p=0026) 
groups and tended to report an increase in liking change than the chocolate group, though this 
did not reach statistical significance (p=0.079). Changes in liking for refined carbohydrates also 
showed significant differences by flavor, with the flavorless e-juice significantly more likely to 
report an increase in liking (7.36±23.47) compared to the tobacco group (-8.91±23.87, p=0028) 
and tended to report an increase in liking change than the chocolate group, though this did not 
reach statistical significance (p=0.053). When analyzed by splitting of nicotine conditions, no 
significant differences in liking changes by between the five flavors were observed. 
In order to analyze differences between preferred e-juice conditions separately, tobacco 
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e-juice conditions were then excluded from the analysis. By preferred flavors, no significant 
differences by preferred flavors were observed in any conceptual food groups. Pairwise 
comparisons showed a significant difference only among the refined carbohydrates group change 
in liking between chocolate (-11.11±12.29) and flavorless conditions (7.36±23.33, p=0.032), 
with the chocolate group reporting significantly decreased liking for refined carbohydrates 
compared to the flavorless condition. Further analysis by nicotine condition also showed no 
significant differences in any conceptual food group liking changes amongst the preferred flavors 
by no nicotine and high nicotine conditions. By pairwise comparisons, significant differences 
between preferred flavors by liking changes were noted only in the refined carbohydrates group 
that were assigned to high nicotine conditions. Those assigned to the flavorless, high nicotine 
condition were significantly more likely to report an increase in liking for these foods 
(18.5±19.88) compared to the menthol (-5.15±6.58, p=0.045), cherry (-4.42±19.25, p=0.025) and 
chocolate (-12.31±13.01, p=0.009) groups with high nicotine conditions. No nicotine showed no 
significant differences by preferred flavors in the conceptual food groups.  
3.4.4 Liking for Fats/Carbohydrates:  Prior to the addition of covariates into the analyses, 
an ANOVA analysis showed a tendency to vary significantly by assigned condition 
[F(3,88)=2.365, p=0.076]. After the addition of BMI category, age, sex, and changes in non-food 
item liking covariates to the ANCOVA analysis, however, the liking for fats/carbohydrates was 
found to differ significantly across assigned conditions [F(3,84)=3.119, p=0.03]. Interestingly, 
all groups showed mean decreases in liking for fats and carbohydrates at the 7-week visit. The 
mean changes in food liking by the fat/carbohydrate conceptualized groups were:  -4.46±16.73 
(no nicotine X tobacco), -12.1±21.06 (high nicotine X tobacco), -0.4±12.31 (no nicotine X 
preferred), and -1.07±13.46 (no nicotine X preferred). See figure 2 for summarized differences 
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in mean liking by assigned condition. The high nicotine, tobacco group showed the greatest 
mean decrease in liking for fats and carbohydrates at 7 weeks while the no nicotine, preferred 
flavor e-juice showed the smallest decrease in liking scores. By flavor condition, the tobacco 
flavor conditions showed a significantly greater decrease in liking for fats and sweet/refined 
carbohydrates, independent of nicotine content (-7.86±18.94 vs. -0.73±12.75, respectively; 
t=2.108, p=0.038). There were no significant differences in liking changes by nicotine 
conditions.  
Figure 2. Average changes in unhealthy food liking by assigned conditions 
 
 
a p≤0.05; aa p≤0.01 
3.4.5 Liking for Fat/Carbohydrate Liking by Preferred Flavors: It was of interest to 
examine differences in food liking changes by specific non-tobacco, preferred flavor assignment 
(chocolate, flavorless, cherry, menthol). An ANCOVA test, controlling for age, sex, BMI, and 
changes in liking of non-food items, was conducted to assess differences between each preferred 
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assigned flavor (chocolate, flavorless, cherry, menthol) compared to the tobacco condition. The 
overall ANCOVA analysis showed a tendency to differ significantly in specific flavor assigned 
conditions amongst the sample by changes in fat/carbohydrate liking, although this did not reach 
between statistical significance [F(4,83)=2.293, p=0.66]. By flavor, tobacco showed the largest 
decrease in liking scores for fats/carbohydrates (-7.86±18.94) compared to all other flavors, 
which was followed by chocolate (-6.58±10.5), cherry (-1.68±12.04), menthol (1.49±12.84), and 
base (4.622±16.39) with an overall change in liking of -4.62±16.38. Pairwise comparisons 
showed that those assigned to menthol flavored e-juice (p=0.49) and the flavorless e-juice 
(p=0.019) reported significantly increased changes in food liking compared to tobacco flavored 
e-juice, which contrasted the mean decrease in liking among the tobacco group. Chocolate and 
base flavors also tended to differ by reported changes in food liking, although this did not reach 
statistical significance (p=0.085).  
When further analyzed by splitting cases according to nicotine condition, there were no 
differences in changes of liking for fats/carbohydrates amongst the no nicotine condition in an 
ANCOVA analysis [F(8,40)=0.441, p>0.05] nor in the pairwise comparisons. However, by high 
nicotine condition, significant differences by across flavors were shown [F(8,34)=3.859, 
p=0.011]. Those assigned to tobacco in high nicotine conditions again reported the greatest 
decrease in liking compared to all other flavors (-12.1±21.06; n=20), followed by chocolate (-
6.62±11.5; n=6), menthol (-2.39±13.47; n=6), cherry (-1.4±12.41; n=8), and flavorless 
(13.57±15.86; n=3) conditions. Flavorless e-juice condition, which was the only condition by 
high nicotine condition to show a mean increase in liking, showed significant differences in 
liking changes from the tobacco (p=0.001), cherry (p=0.042), and chocolate flavor conditions 
(p=0.012) and also tended to differ from food liking changes from the menthol flavor condition 
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(p=0.077). Changes in food liking for those assigned to tobacco flavors tended to differ from 
cherry (p=0.071) and menthol (p=0.065) flavor conditions, although this did not reach statistical 
significance.  
Finally, in order to analyze differences between preferred e-juice conditions separately, 
tobacco e-juice conditions were then excluded from the analysis. By preferred flavors, no 
significant differences between flavors were observed in any of the conceptual food groups. By 
preferred flavors, no significant differences between flavors were observed [F(3,39)=1.241, 
p>0.05]. Further analysis by nicotine condition also showed no significant differences in food 
liking change amongst the preferred flavors by no nicotine [F(3,16)=0.346, p>0.05] or high 
nicotine [F(3,15)=1.737, p>0.05] conditions. By the pairwise comparisons for the high nicotine 
condition, a significant difference in changes in food liking was observed only between the 
flavorless vs. chocolate conditions (p=0.041). Also observed was a tendency to differ between 
flavorless and menthol conditions, though this did not reach statistical significance (p=0.084).  
3.5 Discussion 
We sought to investigate how e-juice nicotine content and flavors may influence changes 
in food liking during short-term smoking abstinence. We found that, among all conceptual food 
groups as well as the fat/carbohydrate group, mean liking scores decreased in all groups at the 7-
week visit (except for liking for high fiber foods), contrary to our hypothesis. This may have 
been influenced by differences in mood or current appetite during the test trials as baseline vs. 7-
week visits. It is also possible that we may have had poor temporal stability in the measure for 
food liking using the food liking survey. Furthermore, among changes in liking scores for all 
food groups, significant differences were found among flavor conditions, independent of 
nicotine. In contrast, influences by nicotine condition were not found to associate with any 
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conceptual food groups, suggesting that tobacco, not nicotine, is driving changes in food 
preference for smokers abstaining from cigarettes and simultaneously substituting via vaping of 
e-cigarettes. In our analyses, the high nicotine, tobacco e-juice flavor conditions showed the 
largest decrease in mean liking for food groups while the no nicotine, preferred flavors condition 
showed the smallest decrease in liking. Finally, differences in preferred flavor assignments, 
independent of the tobacco condition, were observed for the healthy fats, sweets and sugary 
beverages, and refined carbohydrates groups, with differences between liking score changes 
becoming increasingly notable in the high nicotine condition compared to the no nicotine 
condition. Notably, the flavorless (base) and menthol e-juice flavor, in contrast the other flavors, 
associated with an increase in liking for fats/carbohydrates. This implies that these flavors may 
not be as advantageous as the sweeter flavors and especially tobacco e-juice flavors for appetite 
control during short-term cigarette smoking abstinence in chronic smokers. 
The sample of chronic smokers demonstrated adequate variability in order to test these 
associations, including demographic, food liking, and BMI characteristics. This gender-balanced 
sample was diverse in race/ethnicity, education, household income, and employment consistent 
with characteristics of smokers in the U.S. (Jamal et al., 2018). The sample captured a range of 
BMI, with a higher frequency of obesity than adults in. the general U.S. population (Centers for 
Disease Control and Prevention & National Center for Chronic Disease Prevention and Health 
Promotion, 2015) but consistent with greater odds of obesity in heavy smokers (Dare et al., 
2015). 
Although we hypothesized that changes in liking for food groups would be significant by 
nicotine condition, we found this not to be the case among our sample of chronic smokers. 
Nicotine is the primary addictive constituent as well as reinforcing property of tobacco products. 
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Previous studies have shown that nicotine is the largest driver of routine cigarette smoking. This 
can be partially explained by the rewarding effects generated in the brain in response to nicotine 
exposure (De Biasi & Dani, 2011), especially with chronic nicotine exposure (Perkins, Epstein, 
Stiller, et al., 1990). The findings of this present study imply that perhaps it is not solely the 
nicotine in tobacco plants that is responsible for the hypothesized changes in food liking as well 
as intake patterns that have been previously associated with smoking cessation. Additional 
ingredient(s) in e-juice may influence food liking during smoking cessation and prompts further 
investigation. 
We found that changes in liking across food groups were driven primarily by flavor 
conditions rather than by nicotine content as hypothesized. We also found that tobacco e-juice, 
not preferred e-juice flavors, elicited the largest change in mean food liking at 7-weeks for 
cigarette abstainers, also contrary to our hypothesis. We also observed changes in a direction we 
did not expect – a significant decrease, a finding also contrary to our hypotheses. Menthol and 
base flavors in the preferred conditions were the only flavors to show a mean increase in liking 
for fats and carbohydrates. Nicotine has a bitter taste. Thus, menthol may mask this bitterness to 
augment cigarette appeal. The use of menthol may have masked the bitterness and irritation 
perceived from high nicotine conditions in the e-juice, thus increasing the appeal of flavor 
(Kreslake, Wayne, & Connolly, 2008) as well as potentially in dietary sources during smoking 
cessation. It is currently not known why flavorless e-juice may have elicited a greater increase in 
liking for fats and carbohydrates. 
Finally, the high nicotine, tobacco flavor conditions prompted the greatest decrease in liking 
across most food groups as well as in the overall fat/carbohydrate unhealthy group; the no 
nicotine, preferred group associated with the smallest decrease in fat/carbohydrate liking. It is 
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possible that chronic smokers may elect to consume a healthier diet in conjunction with quitting 
smoking, which may have contributed to the overall decrease in findings. Explanations for 
differences by assigned condition are currently unknown and prompt further investigation. 
This current study is not without limitations. The predominant study limitation includes the 
short-term nature of the intervention to examine changes in food liking. For example, changes in 
liking for salty foods take approximately four months to occur (Bobowski, 2015). Another 
limitation includes the attrition of this intervention study. The attrition rate for this study was 
30%, which is on the lower end of rates for smoking cessation trials (Curtin et al., 2000). An 
additional limitation is that dietary intake was not measured directly (e.g., food frequency 
questionnaire, biomarker). However, a food liking survey is a novel and feasible alternative to 
the more biased intake reporting (Bel-Serrat et al., 2016). Reported food liking is associated with 
intake (Sharafi et al., 2018; Tuorila et al., 2008) and biomarkers of dietary intake and BMI in 
adults (Duffy et al., 2007; Pallister et al., 2015; Sharafi et al., 2016; Sharafi et al., 2018). Liking 
survey responses can be developed into an index of diet quality (akin to the Healthy Eating 
Index) and has been linked to the. variability in adiposity or cardiovascular disease risk factors 
(Sharafi et al., 2016; Sharafi et al., 2018; Zoghbi, 2017). Throughout the timeframe of the 
cessation intervention, changes in weight were not reported or recorded, a measure that could 
have further supported our findings of e-cigarettes as a sufficient weight control modality during 
cigarette smoking cessation in chronic smokers. A final limitation for consideration when 
interpreting these results is the lack of a control group of continuing smokers throughout the 6-
week cigarette abstinence trial. Without the inclusion of this group, it is unknown whether those 
who continued cigarette smoking while simultaneously vaping e-cigarettes during the short-term 
trial would have reported similar differences in food liking from baseline to the 7-week visit. 
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This study also included strengths. This is the first study to examine the influence of e-
cigarettes on food preferences during cigarette cessation. These interesting findings of reported 
decreases in liking for fats and carbohydrates prompt further investigation. As another strength, 
the sample was fully characterized for chronic smoking with direct measurement of the most 
preferred e-cigarette juice flavoring. This helped to improve the generalizability of our findings 
to chronic smokers and provided more precise information. 
3.6 Conclusion 
Chronic smokers assigned to the tobacco e-juice flavor reported a significantly greater 
decrease in liking for unhealthy foods compared to those who were assigned to their preferred e-
juice flavor, independent of nicotine content. A mean increase in liking for high fiber foods was 
the only food group to show an increase in liking at 7 weeks while vegetables showed the largest 
mean decrease in liking across the sample. Although mean decreases in liking for fats and 
carbohydrates decreased across all assigned conditions, the high nicotine, and non-preferred 
tobacco flavor e-juice group averaged the greatest short-term decrease in unhealthy liking while 
the no nicotine, preferred flavor e-juice group showed the smallest decrease in liking. These 
findings provide preliminary support that flavor appeared to have a stronger influence on 
changes in food liking than nicotine levels during short-term cigarette smoking abstinence. These 
findings may have implications for understanding changes in weight with smoking cessation 
through use of e-cigarettes. 
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4.1 Important Findings 
 This purpose of this research was to investigate the relationships between 
chemosensation, food liking, smoking-related dietary behaviors, and adiposity and how sweet 
electronic cigarette e-juice flavor liking may influence these associations at baseline as well as 
examine the influences of e-juice flavors and nicotine content on changes in food liking during 
short-term cigarette abstinence in a community-based sample of chronic cigarette smokers. 
Through use of a multivariate modeling, the research supported that higher perceptions of bitter 
taste intensity associated with higher perceptions of salty taste intensity, which, in turn, was 
associated with greater fat and sweet/refined carbohydrate liking, which, in turn, was linked to 
greater liking for sweet e-juice flavors, greater tendency to report smoking-associated dietary 
behaviors, and greater body mass index (BMI) in chronic cigarette smokers. Furthermore, the 
research supported the notion that the fat/carbohydrate liking-BMI association was partially 
mediated by greater liking for sweet e-juice flavors, but not through smoking-associated dietary 
behaviors. This finding supports the theory that the pathways for liking a stimulus vs. wanting a 
stimulus are separate in the brain (Berridge, 2009). Additionally, olfactory function failed to 
associate significantly with food liking or sweet e-juice liking, implying that taste perception had 
a stronger influence on fat/carbohydrate liking than did smell function, which is consistent with 
implications from previous findings (Sharafi et al., 2018). These results add to the body of 
literature examining influences on the relationships between dietary preferences and adiposity in 
chronic cigarette smokers.  
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Furthermore, subsequent to a six-week trial of cigarette abstinence in which smokers 
vaped e-cigarettes, the research supported that e-cigarette e-juices were able to influence changes 
in food liking in chronic cigarette smokers. E-cigarettes are currently being examined to as an 
alternative nicotine modality to combustible cigarettes, but evidence is currently inconsistent. 
However, these findings suggest that vaping e-cigarettes in place of tobacco cigarettes post-
cessation may help to curb the liking for highly palatable foods, thereby discouraging weight 
gain during a time when cigarette smokers are most susceptible to weight gain. This research 
suggests that electronic cigarette e-juices influenced a decrease in liking across most foods, 
except complex carbohydrates, during short-term smoking cessation. It appears, however, that 
this influence of changes in food liking during cigarette cessation was driven largely by 
differences in e-juice flavors, but not by the nicotine content of e-juices. This implies that factors 
other than nicotine content present in e-cigarette e-juice may play a role in influencing changes 
in food liking during smoking cessation. With regard to flavors, it was found that vaping tobacco 
flavored e-juice showed largest decrease in food liking subsequent to short-term cigarette 
abstinence compared to all other flavors, independent of nicotine content. Tobacco flavored e-
juice that contained high nicotine, however, showed a larger mean decrease in food liking than 
did tobacco flavored e-juice without nicotine, implying that nicotine coupled with other 
ingredients contained within e-juice flavors may influence the changes in food liking that 
occurred during cigarette smoking cessation in chronic smokers. This research provides novel 
findings to support that e-cigarette e-juice is linked to a decrease in food liking during cigarette 
abstinence and may offer a benefit during short-term smoking cessation by helping to decrease 
liking for highly palatable foods, especially tobacco flavored e-juice that contains nicotine.  
4.2 Implications for Future Research 
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 Results from these studies provide baseline data on associations that influence the 
relationship between food liking and adiposity in chronic cigarette smokers as well as new 
findings on how sweet e-juice flavors influence the food liking-BMI association in this 
population. These findings help fill several gaps in knowledge, as the relationship between 
smoking and food liking is currently inconsistent in the literature. These findings furthermore 
findings support that sweet e-juice flavors could attenuate the association between fat and 
sweet/refined carbohydrate liking and adiposity, indicating a benefit to e-cigarette use in place of 
combustible cigarettes for chronic smokers. This prompts further investigation into whether 
chronic smokers with obesity could benefit from the vaping of sweet e-cigarette e-juice flavors in 
order to attenuate the liking for less healthy foods and, consequently, assist in weight control. In 
addition, results from these studies provide new findings of the influences of e-juice on changes 
in food liking, which can be used to further examine changes in dietary intake during smoking 
cessation after switching to electronic cigarettes. Future studies should also examine additional 
factors present in e-juice that could influence changes in food liking when used in substitution 
for combustible cigarettes. Finally, these findings point toward the need for further examination 
of the potential efficacy of e-cigarettes as an aid for appetite and weight control during cigarette 
cessation attempts. Finally, future trials should investigate the influence of e-cigarettes on long-
term smoking abstinence on dietary preferences. Trials examining how e-cigarettes may 
influence dietary intake and body weight during short-term and long-term cigarette abstinence 
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